Indonesian coastal areas are continually experiencing pressures that affect their sustainability. Beginning in the 1980s, the Indonesian government has introduced numerous development programs to address this problem. One type of program is seaweed farming projects. The aim of these projects is to provide the fishing community with alternative, environmentally-friendly fishing activities, as well as improving its livelihood. The objective of this paper is to assess the opportunities and constraints of seaweed farming projects with regard to sustainable coastal management in Indonesia. This study was conducted in the South Sulawesi province of Indonesia (the largest producer of seaweed in the country) by administering semi-structured and structured questionnaires to 200 fishermen. The results demonstrate that seaweed farming, mainly of the species Eucheuma cottonii, has become the main means of livelihood for these fishermen. As a result, destructive fishing has been considerably reduced and awareness has increased regarding the need to conserve the mangrove areas that protect the coastal ecosystem from degradation. Seaweed farming plays an important role in improving the socioeconomic conditions of fishers' communities, such as increasing their income and enhancing family and community participation, particularly that of women. However, constraints hinder the development of this activity. These constraints include diseases and post-harvest difficulties, problems of farm ownership, shifts in the monsoon season and marketing limitations. The marketing system that is in place has provided important services. One of the most important of these services is the quick delivery by middlemen of investment funds and money for daily operational expenses. These loans are made without interest charges. The middleman role is perceived as an important link that allows seaweed farmers to sustain their activities. However, this system has created a heavy dependence on the middlemen and, as a result, allowed the development of a business monopoly. Finally, the study concludes that the development of seaweed farming can promote the sustainability of the fishery sector and of coastal areas, as well as render fishery livelihoods more stable and secure.
Introduction
Indonesia's coastal zones constitute one of the major ecosystems of the area's biosphere and are important for their biodiversity [1] . Nevertheless, these coastal zones have experienced several stresses that affect their sustainability. These stresses stem from environment degradation and resource depletion in coastal regions (e.g., mangrove and coral reef damage), land-based marine pollution, overfishing, conflicting utilization of marine space, insufficient capacity in local governments and a lack public participation [2] .
Since the 1980s, the Indonesian government has implemented a range of policies and projects aimed at sustaining coastal zones. Among these projects are efforts to develop various kinds of sustainable, environmentally-friendly aquaculture, such as seaweed farming. Seaweed farming can play a significant role in nutrient recycling [3] , as well as increase local biodiversity and food security for coastal and island communities [4] . An additional advantage of seaweed farming is its beneficial effect on ecology and climate change. By trapping carbon, seaweed farming could be a tool in the carbon credit system that is being developed. Seaweed farming also removes nitrogen and phosphorus nutrients from local waters, and could therefore also be eligible for nutrient credits in an eutrophication-reduction system [5] . In the realm of social policy, seaweed farming is a sustainable form of aquaculture that has particularly benefited women and has contributed to government-sponsored poverty alleviation programs [6] . As an alternative means of livelihood, seaweed farming is crucial to the implementation of a system of sustainable ecosystem management [7] .
However, the development of Indonesian seaweed farming is affected by various factors, including the availability of socio-economic, resources, public policy, and technology. Developing policies and programs to enhance sustainable coastal management requires an assessment of the constraints and opportunities that characterize the situation of coastal communities. This paper's objective is to assess the constraints and opportunities associated with the development of seaweed farming. This paper will also provide recommendations for increasing the sustainability of this farming activity and, thereby, for improving sustainable coastal management in Indonesia.
Methodology
A survey was conducted in South Sulawesi Province in the eastern part of Indonesia to provide data for the study. Two districts, Takalar and Jeneponto, were chosen for sampling. The survey covered four villages, one village in Takalar District and three villages in Jeneponto District. These villages are representative of coastal communities on the Laikang Bay that contain active fishermen. Laikang Bay connects these two districts, which influence one another (see figure 1 ).
Figure 1:
Map of Laikang Bay South Sulawesi Province. Data collection was conducted in August and September 2010 from a total sample of 200 farmers who practiced seaweed farming. Samples were obtained from four villages, with 100 samples collected from Laikang Village, 40 from Garassikang Village, 40 from LP Bahari Village and 20 from Ujunga. The samples were selected randomly. Interviews were conducted by using structured and semi-structured questionnaires. In-depth, face-to-face interviews were also carried out to obtain more detailed information regarding seaweed farmers and their socio-economic environment.
The data collected were analyzed using the statistical tool SPSS 18. Descriptive statistics were used to derive the distribution of frequencies, means, percentages, and standard deviations. In addition, a Strengths, Weaknesses, Opportunities and Threats (SWOT) matrix was used to identify constraints and opportunities in seaweed farming.
Results and discussion

Socio-economic characteristics of seaweed farmers
As shown in Table 1 , all seaweed farmers involved in this study were male (100%), with an average age of 37.04 years. Their level of formal education was low, averaging 2.42 years. This is typical of coastal communities, which frequently have a low education level. In this study, 22.5% of seaweed farmers had never received a formal education. The seaweed farmers in Laikang Bay are of the Makassar ethnic group.
In Laikang Bay, fishermen rely on a variety of livelihood activities, including capture fisheries, seaweed farming, seaweed cultivation combined with fishing, seaweed farming in combination with public services and a combination of seaweed farming with other non-fishing activities. This picture confirms the contention by Le Tixerant et al., [8] that human activity in maritime areas depends on the socioeconomic context in which the activity evolved. In this study, some seaweed farmers (46%) conducted seaweed farming as their sole economic activity. Meanwhile, other farmers (37%) combined seaweed farming with fishing, which is possible because the method for farming Eucheuma cottonii does not require the expenditure of much time after planting. Farmers check their farm three to four times a week after fishing is completed. This situation accords with understanding supplied by Carneiro [9] , which argues that livelihood interventions are a supplementary form of income that enhances a household's economic resilience.
Most fishermen continue to earn low incomes from their work. Some fishermen (57.5%) earned an income below 500,000 Indonesian rupiah (IDR) per month, whereas others (41.5%) had incomes between 501,000 and 1000,000 IDR per month. These figures represent total incomes. The fishermen use their incomes to support their families. They have, on average, 1.86 children per household.
Seaweed farmers in Laikang Bay in both the Takalar and Jeneponto Districts possess 1.32 seaweed plots per farmer on average, where the size of one plot is equal to 100 meters x 30 meters. Most of the farmers (68.5%) have fewer than two plots. However, farm ownership is highly variable, depending as it does on the economic means of the individual farmer (Table 1) .
The critical role of marketing in seaweed farming sustainability
The survey results reveal that the existing marketing system for seaweed farming plays an important role in sustaining seaweed farming activities. In Takalar village, seaweed farmers sell seaweed in dried form to traders/middlemen at the village level. These traders then sell the product to traders at the district level, who, in turn, sell it to wholesalers who have warehouses in Makassar/Ujung Pandang, or to a processing company there. The usual age of harvestable seaweed is 45 days. However, seaweed farmers may harvest seaweed at 20 days, 25 days and 30 days, or even at 15 days. Such harvesting is undertaken when disease affects the seaweed, which can result in damage to, or the death of, those plants. Diseased seaweed can still be sold, but at lower-than-normal prices. Wholesalers receive shipments of seaweed from traders who have become frequent partners. Shipments from seaweed traders are still dried for a day or more until the water content reaches 34%. Seaweed is not considered to be of suitable quality if the water content is greater than 40% and dirt constitutes more than 5%. In such cases, the seaweed will either be rejected or be bought at reduced prices by wholesalers. The trust factor is important between wholesalers and traders with strong business ties. Wholesalers exist because they are able to provide a more effective and efficient distribution system than any other participants in the market [10] . The marketing structure of seaweed in Takalar is illustrated in figure 2 below. The agent of company
Middleman in Village
Fishermen at the village level who cultivate seaweed can also serve as middlemen. The company's agent referred to in the marketing chain is not an employee of a processing company or an exporter, but someone who is appointed by the company to purchase raw materials. The pattern of seaweed marketing in Takalar, as described above, is similar to that in Gorontalo, Southeast Sulawesi. In Gorontalo, dried seaweed is sold to a local trader, who then sells it to a wholesaler, processing company, or exporter [5] . Roy [11] emphasizes that, in order to expand the market, each part of the chain may need information on the seaweed's characteristics and on consumer preferences.
The middleman's role
According to Ju et al., [12] , intermediaries begin by choosing the best goods, then buy the goods from producers and sell them to consumers. In the current study, middlemen were described as buying dried seaweed from farmers containing a moisture content of 60%. The purchase price for dried seaweed is 4000 IDR/kg. Middlemen located in farming areas, and traders in some areas, are members of the seaweed farmers' group; some even serve as heads of groups. After a significant amount of seaweed is collected, it is then sold to middlemen who live in the district and then sold to the warehousing or processing enterprises in Makassar. This procedure was confirmed by Gadde and Snehota [13] , who argue that middlemen bridge the production-consumption gap.
This study finds that some seaweed farmers are closely affiliated with particular traders/middleman. Consequently, they sell their produce to those middlemen (see Figure 3) . Figure 3 , below, shows that seaweed farmers go directly to middlemen to borrow money. These funds are used for restarting the planting cycle and are allocated either for seaweed seed stock or for equipment needed to repair the seaweed farm. This loan is made without any collateral. In return, seaweed farmers must sell their product exclusively to the middleman who made the loan. In these cases, middlemen do not fix a time limit for debt repayment. However, the dried seaweed bought from farmers is more similar to cash paid immediately to the middleman rather than to delayed payment, as is the case with seaweed farmers in Fiji [14] . Seaweed farmers do derive some benefits from this Relationship pattern between middlemen and seaweed farmers.
relationship: 1) seaweed farmers can quickly obtain loans, 2) there is no interest charge on loans, 3) the farmers get the assurance that they will sell their harvest and 4) the farmers get cash payments. This is similar to the situation in Kenya, wherein middlemen act both as direct links to the external market and as the source of credit for fishermen [15] . In this study, the relationship between the middleman and seaweed cultivation is based on the viability of the seaweed business. The double role middlemen play cannot alone guarantee a sustainable business, although the middleman is assured of the availability of dried seaweed from the farmers who borrow capital from him. This means that middlemen and seaweed farmers are implicitly "tied" to one another in a mutually beneficial relationship. Day [16] emphasizes the value of such relationship building when there are only a few valuable customers who engage in large transactions. However, the relationship between middlemen and fishermen/seaweed farmers is being transformed, in the long term, into a trade monopoly at the local level.
Constraints and opportunities analysis
Fishermen face several constraints in pursuing their livelihoods. Changes in the monsoon season and its cycles are, at this time, a major problem in the development of seaweed cultivation. Long market channels and income distribution continue to remain major obstacles in Laikang Bay's seaweed business. A lack of financial capital is the difficulty fishermen most often experience, especially when they begin planting. Seaweed farmers use various tactics to resolve this problem. Instead of formal financial institutions, which they rarely utilize, fishermen usually borrow money from the family, relatives, friends and brokers (middlemen) in the village. This type of borrowing occurs because small-scale fishers still have problems in accessing financial capital from formal financial institutions, such as commercial banks. In addition, there are problems with the availability of seaweed seedlings, the quality of the seed, land tenure, a disease that attacks the seaweed plant and the post-harvest process. Price fluctuations are now perceived as a minor problem.
Recently, the most critical problems affecting seaweed development are associated with marketing and breeding. Seaweed farmers have not received many economic benefits from the current marketing of dried seaweed. These marketing problems, allegedly, are associated with institutional problems, network marketing, and a communications gap between producers and consumers when the seaweed is not produced in accordance with standards established by the processing industry and exporters. These problems allow the industry to buy seaweed at low prices. Middlemen can act as an alternative, advantageous way to reduce market frictions [17] . The accessibility and risks of the product market depend on market structure, size, expected demand levels and the nature of competition [18] . These constraints generally indicate that cooperation among seaweed stakeholders is not strong or well developed. Smith and Renard [19] suggest that, in order to expand fishers' income-generating activities, they should apply a strategy based on integrated technology, ecology, sociology and economics. Despite these constraints, fishermen have the capacity to improve their livelihood activities. This study shows that the factors that can strengthen and further develop those activities include decreasing the amount of fish harvested, promoting and benefiting from seaweed cultivation as an alternative source of livelihood, tapping support from local governments and taking advantage of opportunities in the market. These factors are of basic interest to fishermen who engage in seaweed farming as an alternative means of livelihood.
In the future, at least some these factors will represent viable opportunities. First, the demand for raw material has increased year by year, in both domestic and foreign markets. Second, the policies of the national government support the development of seaweed farming. Third, the Government of Indonesia (GoI) encourages private companies and national business agencies to develop seaweed processing. However, climate change, profit-taking, the erosion of the environmental and the lack of standard prices for dried seaweed pose threats to fishermen in their quest to take advantage of these opportunities (see Table 2 ).
The Indonesian government should encourage all stakeholders, particularly local governments, to assume greater roles in this realm. The private sector wishes to play a role in diversifying the production of seaweed. Informal leaders can use their power to encourage local people to engage in the management of local resources.
Conclusion
The results of this study show that seaweed farming, mainly of the species Eucheuma cottonii, has become the main livelihood for fishers in the studied area. Fishing has been replaced by seaweed farming as the main source of income, a trend that can be seen in the increasing number of seaweed farms along the coastline of Laikang Bay. As a result, destructive fishing has declined considerably and awareness has increased regarding the need to preserve the mangrove areas that protect the coastal ecosystem from degradation. Seaweed farming plays an important role in the socioeconomic condition of fishing communities. Such farming increases income and stimulates family and community participation, particularly that of women. However some constraints hinder the development of this activity, such as disease, post-harvest difficulties, farm ownership, shifts in the monsoon season, and marketing constraints. In addition, the availability and quality of seaweed seeds, issues surrounding farm ownership, predatory behavior and imperfections in post-harvest methods are also obstacles. However, farmers can overcome these obstacles. Positive factors include the lack of restrictions on the development of coastal areas, the availability of successful farming methods and the price of dried seaweed.
The dependence of fishing communities on seaweed farming as a primary source of household support has spurred the quick development of seaweed farming. This has led to increasingly vigorous farming activity in the coastal areas. The density of seaweed plots and the unclear status of land ownership have sparked conflicts among rival claimants to farms. Therefore, a reassessment of farm-ownership and a determination of the carrying capacity of the coastal environment in Laikang Bay are needed to maintain the balance between the environment and the social benefits of seaweed farming.
The marketing system has provided benefits, such as speedily supplying investment and daily operational funds, without interest, to seaweed farmers through the efforts of middlemen. Middlemen are perceived to be very important to sustaining seaweed farming. However, this situation has created a heavy dependency on middlemen and, consequently, also created a monopoly. Nevertheless, the activities of middlemen will be necessary to the operation of the dried seaweed supply chain in Laikang Bay as long as the local and central governments cannot facilitate the creation of an effective alternative market chain at the local level.
Finally, the study concludes that the development of seaweed farming can promote the sustainability of the fishery sector and coastal areas and make the livelihood of fishermen more stable and secure.
